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microfluidic lab-on-a-chip (LOC) approaches and important goals defined with the micro total analysis system (μTAS) paradigm, the broad-scale release of workable devices has yet to be achieved. 4 , 5 While their analysis core is substantially smaller than benchtop alternatives, the network of macroscopic laboratory-based infrastructure required for sample processing, analyte detection, data processing, and reagent handling implies that these platforms are best described as "chips-in-a-lab" rather than true "labs-on-a-chip". 6 The absence of a standard and modular analysis technology that spans multiple analyte classes motivates work toward universal mini-detection ensembles amenable to rapid prototyping with easy inclusion of newly validated biomarkers. The POC analysis solution described here, the programmable nano-bio-chip (NBC), synergizes components and achievements from nanotechnology, clinical chemistry, bioinformatics, microfluidics, optics, image analysis, and pattern recognition to create a powerful new integrated measurement approach in a small device footprint. The NBC ensemble employs a size-tunable network of nanometer-scale fibers (a "nano-net") within agarose microspheres or a polymer membrane and a fluorescent signal arising from nanoparticles (nano) to isolate and quantify biologically important analytes (bio) from complex matrices within a closed, miniaturized system (chip). [7] [8] [9] The NBC features a flexible assay design and has a diverse collection of validated analyte subtypes. The NBC's modular design elements allow for rapid inclusion of tests for new biomarker signatures; assays for nucleic acids, proteins, and cells are arranged in the NBC to create analytical test modalities specific to different disease types. Collectively, the modularity, flexibility, and ability to process and learn new biomarker signatures is here referred to as "programmability". This Feature article describes the creation of the "programmable NBC system" as a universal, modular, clinical analysis system, typical results, and the opportunities presented by this integrated approach.
BACKGROUND AND GOALS OF CLINICAL ANALYSIS
Clinical samples are diverse and dynamic; in the past, this has precluded the facile development of universal analysis systems. Though a state-of-the-art clinical lab can measure a few thousand unique species, a typical blood sample contains hundreds of thousands of different analytes when nucleic acid rearrangements are considered. 10 Additionally, the variety of material contained in blood-cells, proteins, nucleic acids, small molecules, and ions, which each require a different isolation and detection method-further complicates clinical testing. 11, 12 Finally, high-quality reference materials are required for standardization, yet very few clinical assays have NIST-certified control substances.
A number of experimental approaches have been developed to satisfy these clinical needs. Though the scope of this article precludes comprehensive discussion, the contributions of a few key groups deserve mention (see more complete reviews for further analysis5 , 13 , 14). Whitesides's fundamental studies of self-assembled monolayers helped define the ideal materials, coatings, and designs required to create microchannels and manipulate biological fluids.15 Later work integrated advances in nanotechnology into existing systems, and recent papers described microfluidic structures constructed only of paper and tape. 16 Similarly, Quake's research has advanced the "large scale integration" of microfluidics; 17 this key experimental platform has been used to explore genetic and protein applications, as well as the biophysical properties of single molecules. Ligler has worked extensively in biodefense applications, while others, such as Mirkin, Lieber, and Wang, use precious metal nanoparticles and magnetic techniques to measure diverse sample types and create a variety of assembly types. [18] [19] [20] [21] Other approaches by Sia with MEMS and Singh using chip-based separation and quantitation have continued to increase integration. 22, 23 Though the i-STAT platform was the first POC sensor array to be microfabricated and sold commercially as a whole-blood diagnostic tool, the system is limited to a few non-cellular analytes. 24 Other assembled systems, though nearing completion, have not yet been released for widespread clinical use. Work by Madou and others has resulted in the LabCD, which eliminates traditional valves and pumps by using centrifugal and centripetal force to perform fluid movement. 25 Walt's work with electronic noses uses arrays of optical fibers as the underlying infrastructure for biological sensing systems. 2 
CONSTRUCTION OF THE NBC
Over the past decade, the NBC approach has become increasingly sophisticated in making a variety of biomedical measurements. 7 Designed originally as an "electronic tastechip", the NBC contains biologically inspired recognition elements, as well as pattern recognition features, to identify multiple analyte classes in complex fluid samples similar to gustatory excitation processes that occur at mammalian taste buds. 7 Different foodstuffs rarely contain a single dominant tastant (analyte resulting in taste perception) but rather are composed of a combination of sweet, sour, salt, bitter, and umami elements, which stimulate various types of taste buds. Foods and beverages are recognized by the gustatory fingerprint response. Building on this key inspiration-complex fluid analysis with pattern recognition and refined decision making after experience learning has occurred -the programmable NBC is a flexible platform that adapts quickly to new inputs to refine the decision-making capabilities related to human health. Here, analyses of many different cell types, proteins, and small molecules in combination are often required to identify the biofingerprints corresponding to disease states. Importantly, this systems level approach can learn; the interpretation of individual assay results is trained in the NBC. This digital self-modification via sensors specific to a variety of analytes may eventually be a powerful replacement for the disease-specific design of many current POC approaches.
The modular NBC employs two central reaction unit types, each with tailored applications. The first uses a micro-membrane filter integrated into a fluidics structure (Figure 1ai-ci) . This membrane can be considered a "cellular processing unit" because it performs cell counting/ characterization similar to flow cytometry (FC), albeit with a markedly dissimilar mechanism. 26 A second class of reactor uses a microbead array wherein indentations within a silicon or stainless steel wafer are populated with chemically sensitized bead reactors. This "chemical processing unit" (Figure 1aii -cii) selectively isolates and quantitates macromolecules from complex sample types. 9 Both NBC sensor ensembles have been adapted for a broad range of analyte classes. [18] [19] [20] [21] Four aspects of the NBC should be noted: quality analytical behavior, a programmable (modular) design, the breadth of function, and the inexpensive nature of the analysis ensemble. First and most importantly, NBC methods meet or exceed the analytical characteristics (sensitivity, selectivity, assay variance, and limit of detection [LOD]) of mature instrumentation for a wide variety of analyte systems. For example, Table 1 details the operational features of the inflammation marker C-reactive protein (CRP) NBC assay versus other gold-standard systems.18 , 22 The NBC's capacity to rapidly (10 minutes) detect analyte across several orders of magnitude with a LOD of 10 fg/mL (88 aM) is attributed to the unique analyte preconcentration feature of the agarose bead, high signal, and low background due to efficient washing, a function of microchip design and the bead structures that have tailored macro-and micro-pores reminiscent of a "microsponge". Second, the modular design of the NBC allows easy creation of custom assay panels by matching bead types to the end application without requiring changes to the microfluidic elements or bead support structure. Validated bead types are loaded when needed in any desired combination. This "plug and play" feature uses both the spatial code of bead placement and the molecular-level code present in reagents.
Third, the simplicity with which the NBC transitions from cellular experiments to a miniaturized protein immunoassay platform is unique; prior efforts also have combined these two approaches serially.27 -29 Finally, the use of microfabrication, parallel processing, and inexpensive construction materials could make analysis highly cost effective. This "budgetconscious design" was recently demonstrated for use in resource-poor settings and has relevance to the renewed national dialogue over healthcare affordability. 26 The coherent behavior of elements from the nano-, bio-, and chip-based arenas of research contribute to the high quality analytical performance of these NBC systems. The unique roles these three elements play in the analysis scheme are detailed below.
NANO ADVANTAGES: BIG ATTRIBUTES OF SMALL-SCALE CONTROL
For the multiplexed signaling requirements of the NBC, the long Stokes shift and high intensity of quantum dots (QDs) combined with their narrow emission profiles and simultaneous excitation makes these inorganic fluorophores especially attractive. When compared to AlexaFluor 488, QDs yield 30× signal amplification. 30 This increase in intensity in tandem with NBC design yielded LODs two orders of magnitude lower for carcinoembryonic antigen (CEA) (21 pg/mL) than the conventional enzyme-linked immunosorbent assay (ELISA) and one order lower than NBC-AlexaFluor.30
Additional nano-tuned elements within the NBC include the net of agarose pores within the bead microsphere. A customized synthesis process created a catalog of beads with tunable hydrophilicity, diameter, and reactive groups. 31 Those most commonly used are 2% (wt./wt.) agarose with pore diameters of 120-160 nm-ideal for most analyte classes because they most efficiently preconcentrate analyte from the sample. Beads with larger pore sizes do not retain structural rigidity and deform in the microfluidic flow chamber, whereas beads with smaller pores lose their "sponge-like" character and begin to behave as a solid spherical surface. Finally, the size of recognition elements has been tailored to include both ~15 nm IgG monoclonal antibodies and smaller (3 nm) single chain variable fragment or aptamer capture and detection bodies. Initial work in this area indicates that beads are functionalized with an even higher density of these immobilization tools than whole IgGs. 32 
BIO ADVANTAGES: PERSONALIZED ANALYTES
Because the NBC is quickly programmed with beads specific to a broad range of analytes, the approach has the potential to keep pace with the ever-increasing knowledge base in molecular diagnostics. Currently, research groups and even entire institutes work to mine serum for new protein biomarkers and uncover their relevance in disease. 33 Alternative studies have begun to unravel the myriad proteins present in saliva. 34 Thousands of such biomarkers are known, and many more are constantly discovered through chromatographic/mass spectrometric methods with the hope of using them for screening and treatment evaluation. 33 More recently, with characterization of the human genome, the complexity of information needed to arrive at an accurate diagnosis increased further. The 500,000 to 1 million single nucleotide polymorphisms available in genome-wide association studies make processing incredibly large amounts of information critical. 10 No longer are single assays the dominant theme for diagnosis; rather, the requirements for disease identification is shifting now to a battery of analyses. Moving beyond biomarker discovery into the realm of clinical practice, however, is a key challenge for next generation diagnostic devices. The NBC satisfies this need by using the same miniaturized fluid-handling approach, but with beads specific to the desired analytes programmed into this core. Thus, the NBC could help move the biomarkers from discovery through validation and on to clinical implementation, which establishes the true benefits to society. Using the same fluid and light handling equipment across all of these assays minimizes development times and costs and maintains universality.
CHIP ADVANTAGES: LESSONS LEARNED FROM MICROFLUIDICS
The NBC uses the microfluidic chip advantages of miniaturized sample and reagent sizes and inexpensive construction materials to complement its nano and bio attributes. By definition, microfluidic structures manipulate small amounts of material through various analysis and sensing steps. 8, [33] [34] [35] [36] Reduced sample and reagent volume requirements and smaller amounts of construction materials decrease costs drastically, and assay times may also be cut substantially. Microfluidic devices' ability to isolate and concentrate analyte, as well as their capacity for mixing, allotment, and fluid focusing, decreases the number of sample-handling steps. These architectures can perform separations with detection elements designed in-stream on a small size scale, which makes them highly compatible with next-generation analysis platforms. 1, 13 Still, microfluidic systems have not been the panacea for analytical challenges envisioned a decade ago. 6 First, most applications are not fully freestanding and require extensive support networks of compressed gases and liquids, electronics, syringes, external pumps, and any necessary optics and light handling hardware. Second, PDMS, a common skeleton of microfluidic devices, has not been translated into rapidly-prototyped systems because of hydrophobicity and nonspecific absorption of bio-molecules other than the analyte. 35 Third, because devices may become fouled, microfluidic structures may need be disposable, which limits the cost-effectiveness of some approaches. 36 Finally, challenges with overall scalability -whether lowering the volume or increasing the throughput-have prevented more complete development. Microfluidics is an important tool for analytical device construction but is not the be-all-and-end-all replacement for traditional systems that was originally envisioned.
INTEGRATION: ASSEMBLY OF WORKING PARTS
Although individually valuable, new biomarkers, advances in microfluidic condensation, and novel nanoparticle bioconjugates are most elegant within rational, integrated designs. [39] [40] [41] As Ligler recently observed, ideal system designs are best described as "Gestalt": the configuration of the whole possesses attributes unattainable by the summation of the individual parts. 37 Moving the chip out of the lab will require new analytical concepts that bridge many different size scales and employ the nano-, bio-, and chip-based attributes (Figure 1 ).
This ensemble consists of a closed sample loop that immobilizes specific analytes from complex matrices using an antigen-specific bead array or a size-specific membrane and quantitates them via a colorimetric or fluorescent signal. This physical design has been documented previously.12 , 17 The two processing units, cellular (membrane) and chemical (bead), are illustrated in Figures 1c(i) and 1c (ii), respectively; Figures 1a(i) and 1a(ii) display a molecular-level view of the reactor cores. Importantly, both types integrate easily into the compact NBC labcard (1d) and can be interpreted by the standalone analyzer (1e).
The integrated design contains all elements required for a complete assay, condensed into a credit-card-sized disposable cartridge. Figure 2 contains a photograph of the analyzer that interfaces with these disposable cards; it has a footprint about the size of a toaster and costs about one-fifth of the current macroscopic instruments. Blister packs hold the liquid reagents, and the solid form of fluorescently-tagged biorecognition moieties are on the back of the labcard. Channels designed for mixing and fluid flow permeate this architecture, and manipulations of the fluidic cartridges reconstitute and disperse reagents through the labcard. Linear actuation controls all fluid motion via pressure actuation steps.
The cards are constructed from common, inexpensive materials, including vinyl adhesive, laminate, stainless steel, and poly(methyl methacrylate) (PMMA). Computer-aided design (CAD) models the cards, and then a CAD plotter/cutter incises the vinyl. Up to seven layers of vinyl/laminate are deposited on six to eight cards using conventional, parallel layering methods. Cards are disposable and purposed to service one patient.
Either venipuncture or finger-stick for blood or simple expectoration for saliva are used to collect samples. For finger-sticks, the whole blood sample briefly resides in a capillary tube before introduction into the NBC via capillary action. The labcard is then inserted into the analyzer, where perturbations of the fluid-containing blister packs complete the assay. Optical signal capture occurs via a magnifying objective, and assay output displays on a built-in screen shortly after completion. The device contains AC/DC power supplies with a battery life of several hours, and downstream processing software, readout display, memory for up to 50,000 patient histories, and USB/Ethernet/wireless communication features complete the device. Total weight is 13.5 lbs, making the system amenable to measurements at the POC. The following sections detail the results obtained using this analysis ensemble or a similar researchgrade prototype.
PARTICULATE PROCESSING
One of the initial applications for the NBC system is the analysis of T lymphocytes in HIV positive patients-crucial because the enumeration of CD3+CD4+ cells is required to determine immune system status and efficacy of antiretroviral treatment. 26 Using this simple cell capture mechanism, the polycarbonate, track-etched membrane retains the larger and more rigid lymphocytes while allowing blood matrix components including plasma, platelets, and erythrocytes to pass to a waste reservoir. Figure 3 illustrates the coding of CD3 surface markers in red (a) and CD4 in green (b), resulting in dually-stained cells (c); these are quantitated using custom automated image analysis algorithms. Simultaneous visualization of differentlycolored nanoparticles via QDs (Figure 3d ) reduces the optical requirements significantly because molecular fluorophores require filters specific to each color channel. 38 In pilot studies (n = 200), the NBC correlated nicely (R 2 = 0.94) to FC, the gold standard method, while maintaining baseline separation between CD4+ lymphocytes and monocytes. This level of performance suggests that the device provides reliable results from finger-stick sized samples (30 L) in <20 minutes (Figure 3e-f) . This technique is also amenable to pediatric HIV immune function testing (% CD4), total white blood cell counts, and differential white blood cell testing. 27 Independent of analyte identity, converting electronic photomicrographs into cell counts uses digital image processing and customized deconvolution schemes. To optimize the software for correct photomicrograph interpretation, fluorescent beads with physical dimensions similar to lymphocytes were used as were authentic lymphocyte samples. Through an iterative process, such descriptors as size, circularity, and signal-to-background ratio were trained on nearly 1 million individual cellular events, which resulted in cell counts statistically identical to FC. The difference between each field-of-view is <10% and indicates that the arrangement of cells on the membrane is more or less random and free of bias in the absence of gross error. The variance between repeated analyses of the same sample is 5-8%. This approach has been validated to a LOD of 50 cells/μL and up to 600 cells/μL, which includes both the region where increased testing is recommended (200-600 cells/μL) and the region considered active AIDS (<200 cells/μL). Cellular crowding on the membrane leads to inaccurate counting and hampers cell counts >600 cells/μL; overlap leads to exclusion from digital analysis. Photomicrographs containing >20% of active pixels generally had a large number of overlapping lymphocytes.
Though overlapping events are easily translated by advanced algorithms, an alternative method also circumvents this shortcoming at high counts. Here, total membrane fluorescence extended the linear dynamic range in lymphocytes and spore counting applications by three orders of magnitude. 26, 29 This system achieved detection limits of ~500 Bacillus globigii (a commonly used simulant for Bacillus anthracis) spores, a value highly competitive with similar technology, but on a shorter timescale (~5 minutes). 29 Additionally, a new automated cellular analysis method for examination of molecular and morphological biomarkers associated with oral carcinogenesis contributes to the early detection of oral cancer. Four cellular features were indicators of oncogenesis: nuclear area and diameter, nucleus-to-cytoplasm ratio, and epithelial growth factor receptor (EGFR) biomarker expression. Examination using linear regression and receiver operating characteristic (ROC) curve analysis identified the morphological features as the best predictors of disease, though a combination of all features is ideal for classification. These EGFR assays yielded results in <10 minutes with staining intensity, homogeneity, and cellular localization patterns comparable to conventional methods. Further study of EGFR expression in three oral cancer cell lines indicated a significant increase (p < 0.05) above control cells. Results obtained in the NBC correlated nicely with FC (R 2 = 0.98) and detected important differences (p < 0.01) between two of the oral cancer cell lines: a disparity of ~34,000 EGFR reporters per cell according to quantitative FC.39 Cells with ≥2500 copies of a given receptor could be detected with the NBC. Using this same NBC system, a pilot study 40 was completed recently to explore the clinical efficacy of the approach. Here, oral lesions from 41 dental patients, along with normal epithelium from 11 healthy volunteers, were sampled using a non-invasive brush biopsy technique. Four key parameters were significantly elevated in both dysplastic and malignant lesions relative to healthy oral epithelium, including the nuclear area and diameter (p < 0.0001), the nuclear-to-cytoplasmic ratio (p < 0.0001), and EGFR biomarker expression (p < 0.03). Further examination using logistic regression and ROC curve analysis identified morphologic features as the best predictors of disease (area under curve [AUC] ≤ 0.93) individually, while a combination of all features further enhanced discrimination of oral cancer and pre-cancerous conditions (AUC = 0.94) with high sensitivity and specificity.40
Taken together, these results indicate that the NBC cellular processing unit is a versatile platform and appropriate for rapid detection of HIV-relevant lymphocytes, bioterrorism threats, and oral cancer biomarkers.
MACROMOLECULAR MEASUREMENT
The use of oral samples for disease monitoring extends beyond cellular analytes. Although serum has a long history as a diagnostic medium, the recognition of oral secretions for clinical analysis is relatively nascent. Increasing evidence suggests that saliva is a "mirror on the body" and contains signaling molecules related to cellular and systemic disease. 41 The facile gathering and storage of saliva appeals to clinicians, and the noninvasive collection method reduces anxiety and discomfort for patients. In addition, as a constantly regenerated fluid, saliva in some circumstances may offer a better "physiological snapshot" of human health. 42 Two of the most extensively explored clinical areas by the chemical processing NBC are heart disease and cancer, the current number one and number two causes of death in developed countries, respectively. The progression of cells from healthy to cancerous alters the genomic and proteomic makeup of tissue; early detection of these changes remains key to decreasing morbidity. 43 Studies of CEA, Her-2/Neu (c-erbB-2), and cancer antigen 125 (CA125) (with correlation to colon, breast, and ovarian cancers, respectively) have turnaround times on the NBC of <30 minutes, four times shorter than a typical ELISA. An extensive study of these analytes indicates that the NBC has sensitivity twice that of ELISA and LOD values one order of magnitude lower. 30 Figure 4a is a typical dose-response curve obtained via the NBC with increasing amounts of analyte. As an additional validation, detecting CEA in saliva (n = 6) and serum (n = 23) samples by NBC correlated to clinical reference methods with R 2 = 0.94 and R 2 = 0.95, respectively. 30 In the NBC, both intra-bead and inter-bead multiplexing is possible. First, beads functionalized with CEA and CA125 capture antibodies are compared to beads loaded with both. When used to construct calibration curves across the physiologically relevant range, no significant difference in signal output is seen between sole CEA and dual CEA/CA125 beads. These dualtype beads allow an even greater number of analytes to be quantified in a small NBC area. 30 Second, in a demonstration of signal specificity, beads sensitized to CEA, Her-2/Neu, and CA125 are exposed to each antigen individually, followed by a cocktail of detecting antibody. Signal from the nonspecific beads is <5% of signal on the analyte-specific beads (Figure 4b.) For heart disease studies, the programmable design was exploited for the first demonstration of acute myocardial infarction (AMI) diagnosis via saliva. Immunoassays were optimized individually within the NBC before strategic panels were compiled. Serum and unstimulated whole saliva (UWS) samples were collected from an AMI-positive population (n = 41) up to two days post presentation of chest pain symptoms. These specimens and control (n = 21) samples were analyzed for cardiac-specific biomarkers with both the NBC and reference methods. Well-established methods of data interpretation including logistic regression and AUC for ROC analysis evaluated the impact critical collections of these biomarkers would have on diagnostic insight. In saliva samples, CRP, myoglobin (MYO), and myeloperoxidase (MPO) analysis on the NBC yielded AUC values of 0.85 (p < 0.0001); when electrocardiogram (EKG) was added, AUC values increased to 0.96. 44 For serum samples, panels of MYO, brain natriuretic protein, troponin I, and creatinine phosphokinase myocardial band achieved AUC values of 0.98, far superior to the ~0.6 AUC values typical of EKG analysis alone. The translation of these NBC measurements from the centralized hospital laboratory to the POC of an ambulance can be envisioned and is now being actively pursued.27
The bead-based NBC also may be used for genomic assays. Using beads containing a DNA capture probe (with microfluidic PCR amplification designed upstream), target DNA analytes can be identified and quantified in near real time by fluorescence changes that occur during analyte binding. 28, 45 The power and utility of this DNA detection methodology was demonstrated for the analysis of samples containing a variety of similar 18-base oligonucleotides, a length highly relevant to the burgeoning field of siRNA and miRNA research. The NBC readily measures hybridization times in minutes with point mutation selectivity factors >10,000 and LOD values of 10 −13 M.
A PROGRAMMABLE DESIGN
The NBC can examine a wide array of analytes beyond the typical life science triad of cells, proteins, and nucleic acids ( Table 2 ). The bead-based sensor has analyzed pH, electrolytes, short polypeptides, metal cations, sugars, biological cofactors, cytokines, toxins, proteins, antibodies, and oligonucleotides, while the membrane ensemble has separated and identified cells, spores, and bacteria. 46, 47 As such, the NBC has one of the most diverse catalogues of validated proteomic analytes of any POC system in the literature (Table 2) . 48 The programmability of the NBC allows customization for medical specialties or specific disease states. In cardiovascular medicine, for example, different customized "cardiac chip" panels for acute symptoms (diagnosing chest pain, aortic dissection, pulmonary embolism), prevention (monitoring atherosclerosis), and long-term care of heart failure patients are easily created simply by changing the bead types.
FUTURE DIRECTIONS
The explosion of new health-related information coming from the genomics, proteomics, glycomics, and metabolomics fields makes it important to develop new procedures that use these scientific discoveries. There are indeed a huge number of biomarker "discovery" papers -20,000 from the cancer and 6,000 from the cardiac areas alone-yet only ~1 biomarker per year was approved by the FDA between 1995 and 2005. 49 This slow rate of approval for new biomarkers for use in clinical practice is largely a limitation of the analyte-specific design of current bioanalytical and clinical technologies. 50 We suggest here that researchers in the POC field take inspiration from the microelectronics arena, in which a standard operating system in tandem with modular software programs specific to a variety of applications serve as ideal models for future efforts in the medical microdevice area. To stimulate the medical microdevice area to take advantage of the fruits of the labor from the currently untapped biomarker discovery area, we propose there be a focus on a new figure of merit that features the number of analytes that can be measured for a single patient in a given amount of time, a model akin to the microelectronics field. There is evidence that this quotient is increasing exponentially as increasingly advanced POC devices provide more biomarker fingerprint data for each patient in a quicker period. 48 Although diagnostic devices for electrolytes, glucose, blood gas, and cardiac testing at the POC are available, the use of such products in emergency rooms is still quite limited. 51 The poor analytical performance relative to remote laboratories, limited analyte diversity, slow development time, and higher costs have served as barriers for further expansion of these tests. Additional studies are clearly needed to convince the appropriately cautious medical community of the validity and utility of such approaches. The NBC's ability to combine measurements of cells, proteins, oligonucleotides, and small molecules on one high performance instrument that offers a more cost-effective and information-rich approach may help to usher in a new generation of diagnostic devices that can facilitate the arrival of an information rich experience to the clinical diagnostics area that has in the past been limited to the software and electronics industries. The membrane-based cellular processing unit (scheme i) has demonstrated utility in cell-based assays, whereas the bead-based chemical processing unit (scheme ii) is more often used for protein assays. Analytes are labeled with a fluorophore on the nanometer scale either on the cell surface (ai) or within a sandwich assay in the agarose bead (aii). These fluorophores are densely functionalized both on the cell surface (bi) and throughout the micrometer-sized bead (bii). Arrays of cells (ci) or beads (cii) in the millimeter range form the diagnostic core of the NBC and are housed in the compact, modular labcard (d). Interface with the human user occurs via a portable, self-contained analyzer (e) with the potential to affect health on the global scale through the collection, distribution, and management of healthcare data with the aid of internet resources (f). Table 2 From early studies with cations and small molecules, the NBC continues to find an ever-expanding role in clinical analysis. 
